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(54) Distortion-free switching signal nnixer 

(57) An AM-modulated carrier signal is converted to 
a tower carrier frequency through mixing wHh a square 
wave local oscillator signal. A field-effect transistor (1 1) 
chops the modulated signal according to the square 
wave signal so that a chopped or sanpled version of the 
modulated signal is aeated without passing the signal 
through a semiconductor junction. A fitter (13) then 
selects the desired mixing product. Thus* a distortion 
free mixing of the signal is obtained using low cost conrf- 
.:unts Including a JFET switch arxj a square wave 
r\\ ^\ Tt from a microcontroller 
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Description 

The present invention relates in general to a n^xer 
for shifting an intbrniation signal in frequerKy. and nx)re 
specifically to a low-cost chopper mixer without any dis- s 
tortkm caused by passing the signal through a semicon- 
ductor junction. 

Signal mixers are utilised in superheterodyne 
receivers to shift the frequency of an information signal. 
An original signal, such as a broadcast radio frequency io 
(RF) signal received by an antenna, is shifted to a pre- 
determined frequency where the infomnation signal is 
filtered to remove adjacent signals arxi image products. 
A typical intermediate frequency (IF) used in an AM 
timer is 450 kHz. is 

Audio systems, including radio receivers, are 
increasingly employing digital processing of audio sig* 
nals to provide enhanced audio performance and low 
cost In order to digitally process an analog signal such 
as an AM IF signal, the signal must be digitised in an 20 
analog-to-digital converter. However, the cost of an ana- 
log-to<Jigital converter becomes higher when high fre- 
quency analog signals are to be converted. Therefore, 
an AM IF signal must be first reduced in frequency to a 
sufficiently low value to permit easy digital conversion of 2s 
the signal. However, it is not desirat)le to merely reduce 
the frequency at which the IF signal is originally pro- 
duced because a higher intermediate frequency is nec- 
essary to provide proper image rejection. 

Furthermore, it serves the objective of producing a 30 
low cost receiver to use the low cost integrated circuits 
which are available enploying the standard IF fre- 
quency of 450 kHz. 

In one aspect, the present invention provides a 
mxer for heterodyning an information signal arvJ a 3S 
square wave signal. A chopper junction receives the 
f Donation signal. A field-effect transistor having first 
and second input/output terminals and a control termi- 
. ..I has its first input/output tenninal connected to the 
chopper junction. A second input^output terminal is con- 4o 
nected to ^-ound, and the control terminal is connected 
to receive the square wave signal so that the field-effect 
transistor chops the information sigr^ in accordance 
vkfith the square wave. An output fOter has an input cou- 
/ pled to the chopper junction and has a frequency char- 45 
acteristic for selecting a desired mixing product of the 
mixer. The mixer shifts the information signal and fre- 
quency without passing the infonnation ^gnal through a 
semiconductor junction. 

The present invention has the advantage of provid- so 
ing a lew cost circuit to mix a relativefy high intenmediate 
frequency to a down-converted intermediate frequency 
without introdudng distortion into the information signal. 
In the case of a digital radio receiver, k]wer cost analog- 
to-digitat converters can be employed to digitise the ss 
down-converted intermediate frequency, while using a 
minffnum number of additional parts. 

The invention will now be described further, by way 
of example, with reference to the acconpanying draw- 



ings, in which: 

Rgure 1 is a block diagram showing a chopper 
based mixer according to the present invention, 
Rgure 2 shows an information signal prior to mix- 
ing, 

Rgure 3 shows a square wave mixing signal, 
Rgure 4 shows a chopped information signal, 
Rgure 5 shows a frequency-shifted information sig- 
nal after the chopped signal is lowpass filtered, 
Rgure 6 shows a block diagram of a radk) receiver 
incorporating the present invention, and 
Rgure 7 is a schematic diagram showirig the chop- 
per-t}ased signal mixer of the present Invention in 
greater detail, 

Rg. 1 shows a signal mixer 10 receiving an informa- 
tion signal as an trput and producing a frequency 
shifted signal as an output. The mixing function is per- 
formed without creating distortion because the informa- 
tion signal is never passed through any semiconductor 
junctk)n whk:h wouM otherwise be a source of distor- 
tion. Instead, a P-channel junctkxi field effect transistor 
(JFET) "chops" or "samples" the information signal 
according to a square wave signal which performs the 
function of a local oscillator signal. The JFET has first 
and second input/output temiinals approxirrating a 
switch to produce either a near open circuit or a near 
short circuit between the terminate. 

Mixer 10 includes a JFET 11. The information sig- 
nal is passed through a passive attenuator/filter 12 and 
is coupled to the source terminal of JFET 11. The gate 
terminal of JFET 1 1 is coupled to the square wave local 
oscillator signal. The drain terminal of JFET 1 1 is con- 
nected to ground. JFET 1 1 is a P-channel JFET in the 
illustrated embodiment, although other types of I^Ts 
can be used. The source terminal of JFET 1 1 is further 
connected to the input of a lowpass-filter 13. 

In operation, JFET 1 1 is switched on and off by the 
square wave signal wNch chops the information signal 
at the rate of the square wave signal. Thus, the mixer 
effectively multiplies the information signal with a 
square wave having a value of "1 " when the JFET is off 
and "0" when the JFET is on, thereby produdng signals 
at ttie sum and difference frequencies as in any mixing 
operatk)n. In the present invention, mixing is performed 
without passing the signal through any semkx>nductor 
junctk>n. The output signal is then passed tiirough fitter 
13 so that only the desired mixing product (e.g., the dif- 
ference signal) is passed to the output of the mixer. 

In a digital systen% a square wave oscillator signal 
is easily producible at almost any desired frequency, for 
exEimple, a microprocessor clock circuit may provide the 
basis for an appropriate oscillator signal. Mixing circuit 
1 0 can thus be irrplemented at k>w cost since only a few 
simple components are required. 

Rg. 2 shows an amplitude modulated information 
signal prk>r to input to the mixer. For example, an AM IF 
signal nr^y have a frequency of 450 kHz arxl a variable 
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amplitude which encodes the infbrmaticxi (e.g., audio 
signal) as shown by the signal envelope. 

Fig. 3 shows a square wave signal for mixing with 
the infomriation signal of Rg. 2. The square wave signal 
has a 50% duty cycle and has a frequency c£fferent from s 
the frequency of the information signal by an amount 
equal to the desired final frequency of the frequency 
shifted signal. For example, a local oscillator square 
wave signal of 459.5 kHz can be used to produce a fre- 
quency-shifted signal at 9.5 kHz. io 

Rg. 4 illustrates the chopped information signal 
appearing at the source terminal of JFET 1 1 in Rg. 1. 
When JFET 11 is off, the chopped signal in Rg. 4 
equals the original information signal. When JFET 1 1 is 
on, the signal in Rg. 4 equals approximately 0 volts due is 
to a low impedance connection to ground through JFET 
1 1 and due to the front end impedance provided by fitter 
12. 

Rg. 5 shows the frequency-shifted signal after out- 
put filtering in filter 13 so that the frequency shifted sig- 20 
nal encodes the same information envelope but using a 
much lower carrier frequency. Thus, the anafog fre- 
quency-shifted signal can be more easily digitised for 
digital signal processing. 

A radio receiver incorporating the present invention 25 
is shown in Rg. 6. An antenna 20 picks up broadcast 
signals and provides an BF signal to an analog tuner 
21 . For example, the RF signal may be an AM broadcast 
signal and analog tuner 21 may include a double-mixing 
AM tuner providing an AM IF output at 450k kHz. The 30 
AM IF signal is provided to a chopper mixer 22 for down- 
conversion. A microcontroller 23 which controls opera- 
tion of the receiver co-ordinates operation of analog and 
digital radio functions. Microcontroller 23 further 
includes a pulse width nrKxJulated (PWM) output for pro- ss 
viding a square wave signal at any selectable frequency. 

' preferred embodiment, the PWM square wave 
ictnai has a Sot duty cycle and a frequency of 459.5 

A down-converted IF signal having a frequency of 40 
9.5 kHz is provided from chopper mixer 22 to the input 
of an anafog-tOHcligital (A/D) converter 24. A digitised or 
sarrpled version of the down-converted IF is provided to 
a digital signal processor (DSP) 25 that performs 
derTKxlulation of the down-converted and digitised AM 45 
IF signal. DSP 25 may also provide stereo detection, 
such as CQUAM denrodulation. The recovered infonna- 
tion signal is provided from DSP 25 to the input of a dig- 
ital-to-analog (D/A) converter 26 for producing left and 
right and front arxi rear audio signals. so 

Chopper mixer 22 is shown in more detail in Rg. 7. 
Ir^ fitter 12 receives a 450 kHz IF signal at its input 
terminal 30. A highpass filter comprising capacitors 31 
and 34 and resistors 32. 33. and 35 reject undesirable 
audio frequency conponents conning from the anafog ss 
tuner. A series resista 36 provides an impedance of 
about 30K ohms to provkfe attenuation and isolation 
t)etween JFET 1 1 and the anafog tuner (and more spe- 
cifically to provide isolatfon between the local oscillator 



square wave signal and the tuner). Thus, the output of 
resistor 36 is connected to the source terminal of JFET 
1 1 . The output of resistor 36 is also coupled to ground 
through a bias resistor 37. 

The gate terminal of JFET 1 1 receives the square 
wave PWM mixing signal via a terminal 40. A bias resis- 
tor 41 is coupled between the gate terminal and ground. 

The chopped output signal appearing at the source 
terminal of JFET 11 is provided to the input of post- 
mixer filter 13 through a coi^ling capacitor 45. RIter 13 
is preferably comprised of a two-stage active lowpass 
filter inducfing a pair of op amps 46 and 47. The non- 
inverting input of op amp 46 receives the chopped infor- 
mation signal plus a bias voltage received through a 
resistor 48 coupled to a f ixed voltage of +5 volts. The 
inverting input of op amp 46 likewise receives a fixed +5 
volt bias through a resistor 50. A feedback resistor 51 
and a feecfoack capacitor 52 are connected in parallel 
from the output of op amp 46 to the inverting input of op 
amp 46. Power is supplied to op anrp 46 at the junction 
of a resistor 53 and capacitor 54 which are connected 
between a +10 volt supply and ground. 

The output of op anrp 46 is coupled to the inverting 
input of op amp 47 through a coupling resistor 55. The 
nori-inverting input of op amp 47 is connected to a +5 
volt sipply. Feedback resistor 56 and feedback capaci- 
tor 57 are connected in parallel between the output of 
op amp 47 and the inverting input of op amp 47. The 
output of op annp 47 is RC filtered by a resistor 60 and a 
capacitor 61. 

Active filter 1 3 filters off bleed-through of local oscil- 
lator signals included in the JFET output signal and fil- 
ters off unwanted mixing products. An active filter is 
utilised in order to provkie signal gain in order to match 
the dynamic range of the output signal with the dynamic 
range of the A/D converter. Thus, an AM IF signal of 450 
kHz has been down-converted to an AM IF signal of 9.5 
kHz. 

Claims 

1. A mixer lor heterodyning an information signal arxl 
a square wave signal, comprising: 

a chopper junction (12) receiving saki infbrma- 
tfon signal; 

a fieki-effect transistor (11) having first and 
second input/output terminals and a control ter- 
minal, saci first input/output terminal being 
connected to said chopper junction (12). said 
second input/output tenminal being coupled to 
ground, and saki control tenminal being con- 
nected to receive said square wave signal so 
that saki field-effect transistor (11) chops said 
information signal in accordance with safo 
square wave; 

an output filter (13) having an input coupled to 
sakJ chopper junctfon. saki output filter (13) 
having a frequency characteristk; for selecting 
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a desired mbcing product of said mixer; arxi 
whereby said mixer (10) shifts said irrformation 
signal in frequency without passing said infor- 
nrtation signal through a semiconductor junc- 
tion. 5 



wtierein said f ieU-effect trarisistor is comprised of a 
P-channe! JFET 

1 0. A method of shifting the frequency of an information 
signal, comprising the steps of: 



2. A mixer as claimed in claim 1 , wherein said square 
wave signal switches said field-effect transistor 
between fully-on and fully*off states with a 50% 
duty cycle. io 

3. A mixer as claimed in claim 2, wheran said square 
wave signal is generated under microprocessor 
control. 

15 

4. A mixer as claimed in any preceding daim, wherein 
said information signal is shifted down in frequency 
and wherein said output fitter is conprised of a sec- 
ond-order low pass fitter. 

20 

5. A broadcast radio receiver comprising: an intemne- 
dtate frequency (IF) section generating an IF signal 
from a radio frequency (RF) broadcast signal; 

a chopper junction receiving said IF signal; 
oscillator means for generating a square wave sig- 25 
nal having a fixed frequency not equal to a fre- 
quency of said IF signal; 

afieid-effect transistor having first and sec- 
ond input/output terminals and a control terminal, 
said first input^output terminal being connected to so 
said chopper junction, said second irput/output ter- 
minal being coupled to ground, and said control ter- 
minal being connected to said oscillator means to 
receive said square wave signal so that said field- 
effect transistor chops said IF signal in accordance 35 
with said square wave; 

an output filter having an input coupled to 
said chopper jurKtion, said output filter having a fre- 
. c;)cy characteristic for selecting a down-con- 
verted IF signal; 40 

an analog-to-digital converter digitising said 
down-converted IF signal; and 

a digital signal processor denxxiulating said 
down-converted IF signal. 

4$ 

6. A receiver as claimed in daim 5. further comprising 
a conditioning drojtt providing isolation between 
said IF section and said chopper junction. 

7. A receiver as daimed in daim 5 or 6, wherein said so 
output filter is comprised of a second-order low 
passfBter. 

8. A receiver as daimed in claim 5, 6 or 7, wherein 
said osdilator mearrs is comprised of a microproc- 55 
essor generating said square wave signal from a 
pulse width nrxxiutated output drcuit 



generating said infornrtation signal having a first 
frequency; 

applying said information signal to a chopping 
junction; 

generating a square wave signal having a sec- 
ond frequency, said square wave signal osdl- 
lating between first and second voltages 
substantially at a 50% duty cyde; 
chopping said information signal in response to 
said square wave signal by shunting said infor- 
mation signal to ground when said square 
wave signal is at said frrst voltage and isolating 
said information signal from said ground when 
said square wave signal is at said second volt- 
age; and 

filtering said chopped information signal to 
select said information signal at a shifted fre- 
quency. 



9. A receiver as daimed in any one of daims 5 to 8. 
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(54) Distortion-free switching signal mixer 

(57) An AM-modulated carrier signal is converted to 
a lower carrier frequency through mixing with a square 
wave local oscillator signal. A field-effect transistor (11) 
chops the modulated signal according to the square 
wave signal so that a chopped or sanrpled version of the 
modulated signal is created without passing the signal 
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through a semiconductor junction. A filter (13) then 
selects the desired nvxing product Thus, a distortion 
free mixing of the signal is obtained using low cost com- 
ponents including a JFET switch and a square wave 
output from a microcontroller. 
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